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Description 

[0001] The present invention relates to an optical disk and a method for producing the same. In particular, the present 
invention relates to an optical disk in which a substrate on an incident side of laser light is thinner, and a method for 
producing the same. 

[0002] In recent years, various studies have been conducted on the recording of optical information in the field of 
information recording. Recording of optical information can be conducted at higher density, and optical information can 
be recorded/reproduced in a non-contact manner; therefore, as a method for realizing the recording/reproducing of 
optical information at a low cost, applications for use in a wide range are being realized. Examples of current optical 
disks include those having a structure in which an information layer is provided on a transparent resin substrate with 
a thickness of 1 .2 mm and protected by an overcoat orthose having a structure in which an information layer is provided 
on one side or both sides of a transparent resin substrate with a thickness of 0.6 mm, and two substrates are attached 
to each other. 

[0003] Recently, in order to increase the recording density of an optical disk, a method for increasing a numerical 
aperture (NA) of an objective lens, a method for shortening a wavelength of the laser to be used, and the like have 
been considered. As the thickness of a recording/reproducing side substrate (i.e., substrate on an incident side of laser 
light) becomes smaller, the influence of aberration on a laser spot can be decreased, and an allowable value of a tilt 
of a disk can be increased. Because of this, it is proposed that the thickness of a recording/reproducing side substrate, 
a NA, and a laser wavelength are prescribed to be about 0.1 mm, about 0.85, and about 400 nm, respectively. 
[0004] In a current DVD (digital versatile disk), mainly, a method is used in which two transparent resin substrates 
(thickness: 0.6 mm), on which film formation and the like are conducted, are attached, with radiation curable resin. 
Even when the thickness of a recording/reproducing side substrate becomes about 0.1 mm for the purpose of achieving 
high density, it is desirable to attach substrates to each other by the same method using the same facility as those 
currently used. 

[0005] However, with an optical disk in which two substrates are attached to each other, it is necessary to enhance 
durability. Furthermore, when the centers of two substrates are shifted from each other, deflections occur when the 
optical disk is rotated. Therefore, it is required to align the centers of two substrates with each other with high precision. 
There also is a demand for a method for easily producing such optical disks. 

[0006] Therefore, with the foregoing in mind, it is an object of the present invention to provide an optical disk that is 
recordable at high density by attaching two substrates to each other, and a method for producing the same. 
[0007] In order to achieve the above-mentioned object, an optical disk of the present invention includes a first sub- 
strate having a signal area on a principal plane and a central hole A and a second substrate that is transparent and 
attached to the first substrate, wherein the second substrate is thinner than the first substrate and has a central hole 
B whose diameter is larger than that of the central hole A, and the first substrate and the second substrate are attached 
to each other with an adhesive member disposed therebetween so as to extend at least from an inner peripheral edge 
of the second substrate to an outer peripheral edge thereof. 

[0008] According to the above-mentioned configuration, an easy-to-handle optical disk is obtained that is capable 
of conducting high-density recording. Because of this, when a disk is handled, cracking or peeling of a contact portion 
can be prevented. The term "radiation" used herein includes a particle wave such as an electron beam and ultraviolet- 
rays and an electromagnetic wave. 

[0009] In the above-mentioned optical disk, the adhesive member may be radiation curable resin. According to this 
configuration, an optical disk can be produced easily. 

[0010] In the above-mentioned optical disk, a thickness of the second substrate may be in a range of 0.03 mm to 
0.3 mm. According to this configuration, in particular, an optical disk that is recordable at high density can be obtained. 
[0011] In the above-mentioned optical disk, the central hole B may be larger than a clamp area of the optical disk. 
According to this configuration, an optical disk can be fixed stably. Furthermore, when an optical disk is clamped, the 
second substrate can be prevented from peeling. 

[0012] In the above-mentioned optical disk, the adhesive member may be disposed on an outer peripheral side of 
a clamp area or disposed so as to cover the entire clamp area. According to this configuration, since a thickness of 
the clamp area can be rendered uniform, a tilt is prevented from occurring during recording/reproduction. 
[0013] In the above-mentioned optical disk, a thickness of a clamp area of the first substrate may be in a range of 
1.1 mm to 1.3 mm. 

[0014] In the above-mentioned optical disk, the first substrate includes, on the principal plane, at least one selected 
from the group consisting of a convex portion formed in a circular shape so as to surround the central hole A and having 
an outer diameter equal to or smaller than a diameter of the central hole B, and a concave portion formed in a circular 
shape so as to surround the central hole A and having a diameter equal to or smaller than the diameter of the central 
hole B. 

[0015] In the above-mentioned optical disk, a height of the convex portion may be larger than a sum of a thickness 
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of the second substrate and a thickness of the adhesive member. 

[0016] In the above-mentioned optical disk, an average thickness of the adhesive member may be in a range of 0.5 
urn to 30 u.m. 

[0017] In the above-mentioned optical disk, the optical disk is adapted for reproduction of information by application 
of a laser having a wavelength of 450 nm or less. According to this configuration, in particular, information can be 
recorded at high density. 

[0018] Furthermore, a first method for producing an optical disk of the present invention including a first substrate 
having a central hole A and a second substrate that is transparent and has a central hole B whose diameter is larger 
than that of the central hole A includes the processes of: (a) bringing the first substrate having a signal area on a 
principal plane and the second substrate that is thinner than the first substrate into contact with each other with radiation 
curable resin interposed therebetween so that the principal plane faces inside; and (b) irradiating the radiation curable 
resin with radiation to cure the radiation curable resin, thereby attaching the first substrate to the second substrate, 
wherein, in the process (a), the radiation curable resin is disposed so as to extend at least from an inner peripheral 
edge of the second substrate to an outer peripheral edge thereof. 

[001 9] According to the first production method, an easy-to-handle optical disk that is recordable at high-density can 
be produced easily. " 
[0020] In the first production method, a thickness of the second substrate may be in a range of 0.03 mm to 0.3 mm. 
[0021] In the first production method, the process (a) may include interposing the radiation curable resin between 
the first and second substrates, and rotating the first and second substrates to draw the radiation curable resin. Ac- 
cording to this configuration, the thickness of resin easily can be rendered uniform. 

[0022] In the first production method, the process (a) may include pouring the radiation curable resin onto the first 
substrate, rotating the first substrate to coat the first substrate with the radiation curable resin, and bringing the first 
substrate and the second substrate into contact with each other with the radiation curable resin interposed therebe- 
tween. 

[0023] In the first production method, in the process (a), the first substrate and the second substrate are brought into 
contact with each other in a vacuum atmosphere. According to this configuration, air bubbles can be prevented from 
entering between the first substrate and the second substrate. The term "vacuum atmosphere" as used here refers to 
an atmosphere with a reduced pressure (e.g., an atmosphere of 1 000 Pa or less). 

[0024] In the first production method, the first substrate may include, on the principal plane, at least one selected 
from the group consisting of a convex portion formed in a circular shape so as to surround the central hole A and having 
an outer diameter equal to or smaller than a diameter of the central hole B, and a concave portion formed in a circular 
shape so as to surround the central hole A and having a diameter equal to or smaller than that of the central hole B. 
[0025] In the first production method, a height of the convex portion may be larger than a sum of a thickness of the 
second substrate and a thickness of the radiation curable resin. 

[0026] Furthermore, a second method for producing an optical disk of the present invention includes the processes 
of: (A) bringing a first substrate having a signal area on a principal plane and a central hole A and a second substrate 
that is transparent and thinner than the first substrate into contact with each other with radiation curable resin interposed 
therebetween so that the principal plane faces inside; (B) irradiating the radiation curable resin with radiation to cure 
the radiation curable resin, thereby attaching the first substrate to the second substrate; and (C) removing a part of 
the second substrate to form a central hole B whose diameter is larger than that of the central hole A in the second 
substrate, wherein, in the process (A), the radiation curable resin is disposed so as to extend at least from an outer 
periphery of a position where the central hole B is formed to an outer peripheral edge of the second substrate. 
[0027] According to the second production method, an easy-to-handle optical disk that is recordable at high density 
can be produced. 

[0028] In the second production method, a thickness of the second substratemay be in a range of 0.03 mm to 0.3 mm. 
[0029] In the second production method, the process (A) may include interposing the radiation curable resin between 
the first and second substrates, and rotating the first and second substrates to draw the radiation curable resin. 
[0030] In the second production method, the process (A) may include pouring the radiation curable resin onto the 
first substrate, rotating the first substrate to coat the first substrate with the radiation curable resin, and bringing the 
first substrate and the second substrate into contact with each other with the radiation curable resin interposed there- 
between. 

[0031] In the second production method, in the process (A), the first substrate and the second substrate are brought 
into contact with each other in a vacuum atmosphere. 

[0032] Furthermore, a third method for producing an optical disk of the present invention includes the processes of: 
(i) opposing a first substrate in which a central hole A with a diameter dA is formed to a second substrate in which a 
central hole B with a diameter dB is formed with radiation curable resin interposed therebetween so that a center of 
the first substrate is aligned with a center of the second substrate; and (ii) irradiating the radiation curable resin with 
radiation to cure the radiation curable resin, wherein dA < dB, and a thickness of the second substrate Is in a range of 
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0.03 mm to 0.3 mm. 

[0033] According to the above-mentioned configuration, an optical disk that is recordable at high density can be 
produced with good precision. 

[0034] In the third production method, in the process (i), the center of the first substrate is aligned with the center of 
$ the second substrate by using a pin that fits in the first and second central holes A and B. According to this configuration, 
it is easy to align the center of the first substrate with the center of the second substrate. As a result, an optical disk 
can be obtained in which deflections are unlikely to occur even when the optical disk is rotated at a high speed during 
recording/reproduction. 

[0035] In the third production method, the process (i) may include the processes of: (i-1) fixing the second substrate 
10 on a table in which the pin is disposed so that the pin is inserted into the central hole B; (i-2) pouring the radiation 
curable resin onto the second substrate; (i-3) moving the first substrate so that the pin is inserted into the central hole 
A, thereby opposing the first substrate to the second substrate with the radiation curable resin interposed therebetween; 
and (i-4) rotating the first and second substrates to draw the radiation curable resin. According to this configuration, 
the thickness of the radiation curable resin can be rendered uniform. Therefore, an optical disk with good productivity 
*5 and reliability can be produced. 

[0036] In the third production method, the pin may include a first pin that fits in the central hole A and a second pin 
that fits in the central hole B, in the process (i-1), the second substrate may be fixed with the second pin, and in the 
process (i-3), the first substrate may be fixed with the first pin. 

[0037] The third production method may include, after the process (i-1) and before the process (i-2), lowering an 
20 upper surface of the second pin below an upper surface of the second substrate. 

[0038] In the third production method, the second pin may have a cylindrical shape, and the first pin may be inserted 
into the second pin. 

[0039] Furthermore, a fourth method for producing an optical disk of the present invention is a method for producing 
an optical disk including a first substrate in which a central hole A with a diameter dA is formed and a second substrate 

25 in which a central hole B with a diameter dB is formed, including the processes of: (I) coating at least one substrate 
selected from the group consisting of the first substrate and the second substrate with radiation curable resin; (II) 
opposing the first substrate to the second substrate with the radiation curable resin interposed therebetween in a 
vacuum atmosphere so that a center of the first substrate is aligned with a center of the second substrate; and (III) 
irradiating the radiation curable resin with radiation to cure the radiation curable resin, wherein dA < dB, and a thickness 

30 of the second substrate is in a range of 0.03 mm to 0.3 mm. 

[0040] According to the fourth production method, an optical disk that is recordable at high density can be produced. 
Furthermore, the first substrate and the second substrate are opposed to each other in vacuum, so that air bubbles 
can be prevented from entering therebetween. 

[0041] In the fourth production method, in the process (II), the center of the first substrate is aligned with the center 
35 of the second substrate by using a pin that fits in the first and second central holes A and B. According to this config- 
uration, it is easy to align the center of the first substrate with the center of the second substrate. 
[0042] In the fourth production method, the process (I I) may include the processes of: (11-1 ) fixing the second substrate 
on a table in which the pin is disposed so that the pin is inserted into the central hole B; and (II-2) in a vacuum atmos- 
phere, moving the first substrate so that the pin is inserted into the central hole A, thereby opposing the first substrate 
40 to the second substrate with the radiation curable resin interposed therebetween. According to this configuration, by 
fixing a second thin substrate on a table, the surface of the second substrate can be rendered flat; as a result, the 
thickness of the radiation curable resin can be rendered uniform. Furthermore, according to this configuration, air 
bubbles can be prevented from entering between the first substrate and the second substrate. 

[0043] In the fourth production method, the pin may include a first pin that fits in the central hole A and a second pin 
45 that fits in the central hole B, in the process (11-1), the second substrate may be fixed with the second pin, and in the 
process (M-2), the first substrate may be fixed with the first pin. 

[0044] The fourth production method further may include, after the process (11-1) and before the process (M-2), low- 
ering an upper surface of the second pin below an upper surface of the second substrate. 

[0045] In the fourth production method, the second pin may have a cylindrical shape, and the first pin may be inserted 
50 into the second pin. 

[0046] Furthermore, a production apparatus of the present invention is an apparatus for producing an optical disk 
including a first substrate in which a central hole A is formed and a second substrate in which a central hole B is formed, 
including: a coating member for coating at least one substrate selected from the group consisting of the first substrate 
and the second substrate with radiation curable resin; a disposing member for disposing the first substrate and the 
55 second substrate so that a center of the first substrate is aligned with a center of the second substrate; and an irradiating 
member for irradiating the radiation curable resin with radiation. 

[0047] According to the above-mentioned apparatus for producing an optical disk, the third and fourth production 
methods of the present invention can be conducted easily. 
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[0048] In the above-mentioned production apparatus, the disposing member may include a pin that fits in the first 
and second central holes A and B. 

[0049] In the above-mentioned production apparatus, the pin may include a first pin that fits in the central hole A and 
a second pin that fits in the central hole B. 

[0050] In the above-mentioned production apparatus, the second pin may have a cylindrical shape, and the first pin 
may be inserted into the second pin. 

[0051] In the above-mentioned production apparatus, the disposing member may include a table for fixing the at 
least one substrate. 

[0052] In the above-mentioned production apparatus, the disposing member further may include a container sur- 
rounding the table and an exhaust member for exhausting the container. 

[0053] These and other advantages of the present invention will become apparent to those skilled in the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 
[0054] Figures 1 A and 1B are a plan view and a cross-sectional view showing an example of an optical disk of the 
present invention. 

[0055] Figures 2A and 2B are a plan view and a cross -sectional view showing another example of an optical disk of 
the present invention. 

[0056] Figures 3A and 3B are a plan view and a cross-sectional view showing still another example of an optical 
disk of the present invention. 

[0057] Figures 4 A and 4B are a plan view and a cross-sectional view showing still another example of an optical 
disk of the present invention. 

[0058] Figure 5A is a cross-sectional view showing an example of a substrate used in an optical disk of the present 
invention, and Figure 5B is a cross-sectional view showing another example of a substrate used in an optical disk of 
the present invention. 

[0059] Figures 6A and 6B are cross-sectional views showing an example of the processes of a method for producing 
an optical disk of the present invention. 

[0060] Figures 7A to 7D are cross-sectional views showing a part of the processes of a method for producing an 
optical disk of the present invention. 

[0061] Figures 8A to 8C are cross-sectional views showing a part of the processes of a method for producing an 
optical disk of the present invention. 

[0062] Figure 9 is a cross-sectional view showing a part of the processes of a method for producing an optical disk 
of the present invention. 

[0063] Figures 10A to 10C are cross-sectional views showing another example of the processes of a method for 
producing an optical disk of the present invention. 

[0064] Figure 11 is a plan view showing an example of a substrate used in a method for producing an optical disk 
of the present invention. 

[0065] Figures 12A and 12B are cross-sectional views showing another example of the processes of a method for 
producing an optical disk of the present invention. 

[0066] Figures 1 3A to 13 E are cross-sectional views showing a part of the processes of a method for producing an 
optical disk of the present invention. 

[0067] Figures 14A and 14B are cross-sectional views showing a part of the processes of a method for producing 
an optical disk of the present invention. 

[0068] Figures 15A and 15B are cross-sectional views showing a part of the processes of a method for producing 
an optical disk of the present invention. 

[0069] Figures 16A and 16B are cross-sectional views showing a part of the processes of a method for producing 
an optical disk of the present invention. 

[0070] Figures 1 7A to 1 7C are cross-sectional views showing a part of the processes of a method for producing an 
optical disk of the present invention. 

[0071] Figure 1 8 is a cross-sectional view showing a part of the processes of a method for producing an optical disk 
of the present invention. 

[0072] Figures 1 9A to 1 9C are cross-sectional views showing a part of the processes of a method for producing an 
optical disk of the present invention. 

[0073] Figure 20 is a cross-sectional view showing a part of the processes of a method for producing an optical disk 
of the present invention. 

[0074] Figures 21 A and 21 B are cross-sectional views showing a part of the processes of a method for producing 
an optical disk of the present invention. 

[0075] Figure 22 is a perspective view schematically showing an example of an apparatus for producing an optical 
disk of the present invention. 

[0076] Figure 23 is a perspective view schematically showing a part of an exemplary apparatus for producing an 
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optical disk of the present invention. 

[0077] Figure 24 is a perspective view schematically showing a part of another exemplary apparatus for producing 
an optical disk of the present invention. 

[0078] Hereinafter, the present invention will be described by way of illustrative embodiments with reference to the 
5 drawings. Like components are denoted with like reference numerals. The repeated description of the components 
may be omitted. 

Embodiment 1 

10 [0079] In Embodiment 1 , the present invention will be described by way of an example of an optical disk. Figures 1 A 
and 1B are a plan view and a cross-sectional view of an optical disk 10 of Embodiment 1 , respectively. 
[0080] Referring to Figures 1 A and 1 B, the optical disk 1 0 includes af irst substrate 1 1 (hatching is omitted; hereinafter, 
hatching of the first substrate similarly may be omitted), and a second substrate 12 attached to the first substrate 11 . 
The first substrate 11 and the second substrate 12 are attached to each other with radiation curable resin (adhesive 

*5 member) 1 3 disposed therebetween. 

[0081] The first substrate 11 has a signal area SA on a principal plane 11a. A signal recording layer 14 is formed in 
the signal area SA. The structure of the signal area SA is varied depending upon the use of an optical disk. In the case 
where the optical disk 10 is a read-only disk, for example, pits with unevenness are formed in the signal area SA on 
the principal plane 11a, and a film made of Al or the like is formed on the pits as a signal recording layer. Furthermore, 

20 in the case where the optical disk 10 is a recording/reproducing disk, a recording film composed of a phase-change 
material, a colorant, and the like is formed in the signal area SA so that recording/reproduction can be conducted. 
[0082] The first substrate 1 1 has a circular central hole A with a diameter dA (e.g., 1 5 mm) at its center. The thickness 
of the first substrate 11 is not particularly limited. However, it is preferable that the sum of thickness of the first and 
second substrates 1 1 and 1 2 is in a range of 0.5 mm to 0.7 mm or 1 . 1 mm to 1 .3 mm. The outer diameter of the first 

25 substrate 11 is not particularly limited, and it may be, for example, 120 mm. The first substrate 11 is made of, for 
example, thermoplastic resin such as polycarbonate resin and acrylic resin, or thermosetting resin such as vinylester 
resin and polyester resin. 

[0083] The second substrate 12 is thinner than the first substrate 1 1 and transparent. The thickness of the second 
substrate 12 is in a range of preferably 0.03 mm to 0.3 mm, more preferably 0.03 mm to 0.12 mm. More specifically, 

30 the thickness of the second substrate 12 is, for example, 0.05 mm or 0.1 mm. By prescribing the sum of thickness of 
the first substrate 11 and the second substrate 12 in a range of 1 .1 mm to 1 .3 mm, the compatibility with respect to 
existing optical disks can be ensured. Furthermore, by prescribing the sum of thickness in a range of 0.5 mm to 0.7 
mm or 1.1 mm to 1 .3 mm, a conventional apparatus for producing an optical disk can be used. 
[0084] The second substrate 12 is exposed to laser light (wavelength: preferably 450 nm or less) for recording/ 

35 reproducing a signal, and is made of transparent material. More specifically, the second substrate 12 is made of ther- 
moplastic resin such as polycarbonate resin and acrylic resin, or thermosetting resin such as vinylester resin and 
polyester resin. The second substrate 1 2 has a circular central hole B with a diameter dB. As shown in Figure 1 A, the 
central hole B preferably is larger than a clamp area C. 

[0085] Herein, the clamp area C is held when the optical disk 1 0 is transported or rotated for the purpose of recording/ 
40 reproduction. It is preferable that the thickness of the clamp area C of the first substrate 1 1 is in a range of 1 .1 mm to 

I. 3 mm. 

[0086] The radiation curable resin 1 3 that is an adhesive member is disposed so as to extend at least from an inner 
peripheral edge 1 2s of the second substrate 1 2 to an outer peripheral edge 1 2t thereof. More specifically, the radiation 
curable resin 13 extends at least over the entire surface of the principal plane of the second substrate 12 on the first 
45 substrate 1 1 side. The radiation curable resin 1 3 may extend up to the inner peripheral edge 1 1 s of the first substrate 

II. The radiation curable resin 13 is cured with radiation. As the radiation curable resin 13, for example, UV-curable 
resin that is cured with ultraviolet radiation, resin that is cured with an electron beam, and the like can be used. It is 
preferable that the radiation curable resin 1 3 is disposed on an outer side of the damp area C, as shown in Figure 1 A, 
or disposed so as to cover the entire clamp area C. It is preferable that the average thickness of the radiation curable 

so resin 13 is in a range of 0.5 ujti to 30 um An adhesive member such as a double-faced tape may be used in place of 
the radiation curable resin 13. 

[0087] In the optical disk 1 0 of Embodiment 1 , since the second substrate 1 2 on a light incident side is thinner, high- 
density recording can be conducted. Furthermore, the diameter of the central hole B of the second substrate 12 is 
larger than that of the central hole A of the first substrate 1 1 . Therefore, peeling and cracking of the second substrate 
55 12 are unlikely to occur, and an optical disk thus obtained can be handled easily. Furthermore, since the radiation 
curable resin 13 extends up to the inner peripheral edge 12s of the second substrate 12, peeling and cracking of the 
second substrate 12 are unlikely to occur, and an optical disk thus obtained can be handled easily. 
[0088] It is preferable that the first substrate 11 has, on the principal plane 11a side, at least one selected from a 
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convex portion formed in a circular shape so as to surround the central hole A and having an outer diameter equal to 
or smaller than a diameter of the central hole B, and a concave portion formed in a circular shape so as to surround 
the central hole A and having a diameter equal to or smaller than a diameter of the central hole B. 
[0089] Figures 2A and 2B respectively show a plan view and a cross-sectional view of an optical disk 20 in the case 
where a first substrate 21 has a convex portion in a circular shape. Figures 3A and 3B respectively show a plan view 
and a cross-sectional view of an optical disk 30 in the case where a first substrate 31 has a convex portion in another 
shape. Figures 4A and 4B respectively show a plan view and a cross-sectional view of an optical disk 40 in the case 
where a first substrate 41 has a concave portion in a circular shape. Figure 5A is a cross-sectional view of a first 
substrate 51 in the case where a convex portion and a concave portion in a circular shape are provided, and Figure 
5B is a cross-sectional view of a first substrate 56 in the case where a convex portion and a concave portion in a 
circular shape are provided. The first substrates 21 , 31 , 41 , 51 , and 56 are similar to the first substrate 11 in the portions 
other than the convex and concave portions. More specifically, principal planes 21 a, 31 a, 41 a, 51 a, and 56a correspond 
to the principal plane 11a. Furthermore, the optical disks 20, 30, and 40 are similar to the optical disk 10 except for the 
first substrates 21,31, and 41 . Therefore, the repeated description thereof will be omitted here. 
[0090J As shown in Figures 2A and 2B, the first substrate 21 of the optical disk 20 has a convex portion 22 formed 
in a circular shape so as to surround the central hole A and having an outer diameter L1 equal to a diameter dB of the 
central hole B, on the principal plane 21 a with a signal area SA formed thereon. Because of the convex portion 22, an 
optical disk can be produced easily as described in the following embodiments. Furthermore, it is preferable that the 
height of the convex portion 22 (i.e., height from the principal plane 21a) is 0.05 mm to 0.5 mm. Furthermore, the height 
of the convex portion 22 preferably is larger than the sum of thickness of the second substrate 12 and the radiation 
curable resin 13 (this also applies to the convex portion described below). Because of this, when the optical disk 20 is 
held/stored by being stacked on another optical disk, the reproduction surface does not come into contact with another 
optical disk, whereby the reproduction surface will not be damaged. Furthermore, as shown in Figure 2B, it is preferable 
that the convex portion 22 is formed so as to come into contact with the inner peripheral edge of the second substrate 
12 (the outer diameter L1 of the convex portion 22 is prescribed to be equal to the diameter dB of the central hole B) 
(this also applies to the following convex portion). Because of this, eccentricity between the first substrate 11 and the 
second substrate 12 can be suppressed. Furthermore, a center cone table or a motor turn table of a clamp does not 
come into contact with the second substrate 1 2 during recording/reproduction; therefore, a decrease in strength caused 
by prescribing the second substrate 1 2 to be thinner can be prevented, and an increase in a tilt also can be prevented. 
[0091] As shown in Figures 3A and 3B, the first substrate 31 of the optical disk 30 has a convex portion (step differ- 
ence) 32 formed in a circular shape so as to surround the central hole A and having the outer diameter L1 equal to the 
diameter dB of the central hole B, on the principal plane 31a with a signal area 31 SA formed thereon. In this case, 
the convex portion 32 extends up to the inner peripheral edge of the first substrate 31 . 

[0092] As shown in Figures 4A and 4B, the first substrate 41 of the optical disk 40 has a concave portion 42 formed 
in a circular shape so as to surround the central hole A and having the diameter L2 equal to or smaller than the diameter 
dB of the central hole B, on the principal plane 41 a with a signal area SA formed thereon. It is preferable that the depth 
of the concave portion 42 (i.e., depth from the principal plane 41 a) is in a range of 0.01 mm to 0.2 mm. Because of the 
concave portion 42, an optical disk can be produced easily as described in the following embodiments. 
[0093] As shown in Figure 5A, the first substrate 51 has a convex portion 22 and a concave portion 42 on the principal 
plane 51 a with a signal area SA formed thereon. The convex portion 22 is formed in a circular shape so as to surround 
the central hole A and has an outer diameter equal to or smaller than the diameter of the central hole B. The concave 
portion 42 is formed in a circular shape so as to surround the convex portion 22. Because of this, the above-mentioned 
effects of the convex portion and the concave portion are obtained. 

[0094] As shown in Figure 5B, the first substrate 56 has a convex portion 32 and a concave portion 42 on the principal 
plane 56a with the signal area SA formed thereon. The convex portion 32 is formed in a circular shape so as to surround 
the central hole A and has an outer diameter equal to or smaller than that of the central hole B. The concave portion 
42 is formed in a circular shape so as to surround the convex portion 32. Because of this, the above-mentioned effects 
of the convex portion and the concave portion are obtained. 

[0095] It is appreciated that the above-mentioned optical disks 20, 30, and 40 also have the same effects as those 
of the optical disk 10. 

[0096] In Embodiment 1 , an optical disk in which a signal recording layer is formed only on a first substrate has been 
described. However, in the optical disk and the method for producing the same according to the present invention, a 
signal recording layer may be formed on a second substrate (this also applies to the following embodiments). For 
example, in the optical disk and the method for producing the same according to the present invention, a semi-trans- 
parent signal recording layer also may be formed on the second substrate so that both the first and second substrates 
have a signal recording layer. Furthermore, a plurality of signal recording layers may be formed on the first substrate 
(this also applies to the following embodiments). Because of these configurations, an optical disk with a double-layered 
structure can be obtained. In this case, information recorded on both the signal recording layers can be reproduced 
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with laser light incident through the second substrate. 
Embodiment 2 

5 [0097] In Embodiment 2, the present invention will be described by way of an example of a method for producing an 
optical disk. Figures 6A and 6B show the processes of producing the optical disk 1 0 according to the production method 
of Embodiment 2. 

[0098] According to the production method of Embodiment 2, as shown in Figure 6A, the first substrate 11 having 
the signal area S A on the principal plane 1 1 a and the second substrate 1 2 that is thinner than the first substrate 1 1 are 

10 brought into contact with each other with uncured radiation curable resin 13a interposed therebetween so that the 
principal plane 11a faces inside (Process (a)). The first substrate 11 has the central hole A, and the second substrate 
is transparent and has the central hole B larger in diameter than the central hole A. At this time, the radiation curable 
resin 13a is disposed at least from the inner peripheral edge 12s of the second substrate 12 to the outer peripheral 
edge 12t thereof. The radiation curable resin 13a may be disposed up to the inner peripheral edge 11s of the first 

*s substrate 11 . However, it is preferable that the radiation curable resin 13a is disposed so as not to cover the clamp 
area C. 

[0099] The signal area SA of the first substrate 1 1 can be obtained, for example, by molding resin by injection molding 
or photopolymerization to form uneven pits, and forming a reactive film (signal recording layer 14) made of A1 having 
a thickness of, for example, 50 nm by sputtering. Furthermore, in the case where the signal area SA is formed of a 
20 phase-change film or a colorant film, sputtering or vapor deposition can be utilized. The first substrate 11 is the same 
as that described in Embodiment 1 , which is, for example, a polycarbonate substrate with a thickness of 1 .1 mm, a 
diameter of 120 mm, and a central hole diameter of 15 mm. 

[0100] The second substrate 12 is the same as that described in Embodiment 1 , which is, for example, a polycar- 
bonate or acrylic substrate with a thickness of 90 ujti, an outer diameter of 120 mm, and a central hole diameter of 40 
25 mm. The second substrate 12 can be formed by injection molding or casting. The thickness of the second substrate 
12 is in a range of 0.03 mm to 0.3 mm. 

[0101] Thereafter, as shown in Figure 6B, the radiation curable resin 13a is irradiated with radiation (ultraviolet rays 
or an electron beam), whereby the radiation curable resin 13a is cured to obtain radiation-cured resin 13, and the first 
substrate 11 and the second substrate 12 are attached to each other (Process (b)). Radiation may be applied contin- 
ue uously or as a pulse (this also applies to the following embodiments). In this manner, the optical disk 1 0 can be produced. 
[0102] Hereinafter, two methods for bringing the first substrate into contact with the second substrate 12 with the 
radiation curable resin 1 3a interposed therebetween in the above-mentioned first process will be described. 
[01 03] According to the first method, the first substrate 1 1 is integrated with the second substrate 1 2 with the radiation 
curable resin 13a interposed therebetween, and the first and second substrates 11 and 12 thus integrated are rotated, 
35 whereby the radiation curable resin 1 3a is drawn. Figures 7A to 7D show an example of the processes of this method. 
As shown in Figure 7A, first, the first substrate 1 1 is coated with the radiation curable resin 1 3a in a circular shape with 
a nozzle 71. At this time, the first substrate 11 orthe nozzle 71 is rotated at a low speed (20 rpm to 120 rpm). Furthermore, 
in order to exactly bring the first substrate 1 1 into contact with the second substrate 1 2 up to the inner peripheral edge 
12s, the radiation curable resin 13a is coated at a position (for example, a position with a radius of 20 mm to 25 mm) 
*o on the first substrate 1 1 where the inner peripheral edge 1 2s is disposed. 

[0104] Next, as shown in Figure 7B, the first substrate 11 and the second substrate 12 are opposed and stacked so 
that they are positioned concentrically. If the radiation curable resin 13a adheres to the clamp area C, a tilt will be 
influenced substantially. Therefore, as shown in Figure 7C, it is preferable to irradiate an outer peripheral side of the 
clamp area C with radiation 72 such as UV-rays in a circular shape, thereby preventing the radiation curable resin 13a 
45 from entering the clamp region C. More specifically, Process (a) may include the process of curing at least a part of 
the radiation curable resin 13a disposed on an inner side of the signal area SA, before rotating the first substrate 11 
(this also applies to the second method). The second substrate 1 2 may be coated with the radiation curable resin 1 3a. 
[0105] Thereafter, as shown in Figure 7D, the first substrate 11 and the second substrate 12 are rotated at a high 
speed (1 000 rpm to 1 0000 rpm) under the condition that they are stacked adjacent each other, whereby the radiation 
50 curable resin 13a is dispersed to an outer peripheral portion. Because of this, air bubbles become unlikely to enter the 
contact portion, and excessive radiation curable resin 13a is shaken off to be discharged from between the first and 
second substrates 11 and 12. Thus, Process (a) can be conducted. 

[0106] In the above-mentioned process, in order to render the thickness of the radiation curable resin 13a uniform, 
it is preferable to select the viscosity of the radiation curable resin 1 3a in accordance with the rotation number/rotation 
55 time of substrates for dispersion of resin, and the thickness of the radiation curable resin 13a. In general, according to 
the above-mentioned method, the thickness of the radiation curable resin 13a is likely to become thinner on an inner 
peripheral side and thicker on an outer peripheral side. In order to conduct recording/reproduction under the conditions 
of a laser with a wavelength of 400 nm and an NA of an objective lens of 0.85 considered for achieving the high density 
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of an optical disk, it is required that the variation in film thickness of the radiation -cured resin 13 is in a range of about 
±3 jim with respect to the central value (sum of the thickness of the second substrate 12 and the thickness of the 
radiation -cured resin 13, e.g., 0.1 mm). 

[01 07] Table 1 shows a relationship between the viscosity of the radiation curable resin 1 3a and the in-plane variation 
of the radiation-cured resin 13 in the above-mentioned first method. 



Table 1 



Viscosity (mPa • s) 


5000 


3000 


1500 


1000 


600 


300 


150 


50 


10 


5 


In-plane variation (um) 


11.1 


8.1 


5.5 


4.7 


4.3 


4.1 


4.1 


4.3 


4.7 


6.1 



[01 08] As is apparent from Table 1 , by prescribing the viscosity of the radiation curable resin 1 3a in a range of 1 0 to 
1 500 mPa • s, the variation in film thickness of the radiation curable resin 1 3 can be set at 6 um or less (i e ±3 urn or 
less). f ' 

is [0109] Furthermore, Table 2 shows a relationship between the viscosity of the radiation curable resin 1 3a and the 
cycle time in the above-mentioned first method. 



Table 2 



Viscosity (mPa • s) 


5000 


3000 


1500 


1000 


600 


300 


150 


50 


10 


5 


Cycle time (Sec.) 


90 


60 


27 


18 


10 


3.3 


1.5 


0.7 


0.3 


0.3 



[0110] As is apparent from Table 2, in order to shorten a cycle time, it is preferable to set the viscosity of the radiation 
curable resin 13a in a range of 10 to 600 mPa • s. 

25 [01 1 1] Next, the second method for conducting the first process will be described. According to the second method, 
the radiation curable resin 1 3a is poured onto the first substrate 1 1 , and the first substrate 1 1 is rotated, whereby the 
first substrate 11 is coated with the radiation curable resin 13a; then, the first substrate 11 and the second substrate 
12 are brought into contact with each other with the radiation curable resin 13a interposed therebetween. Figure 8 
shows an example of the processes of this method. According to the second method, as shown in Figure 8A, first, the 

30 first substrate 11 is coated with the radiation curable resin 13a in a circular shape with a nozzle 71 . This process is the 
same as that described with reference to Figure 7A. 

[0112] Next, as shown in Figure 8B, the first substrate 11 is rotated at a high speed (1000 to 1 0000 rpm), whereby 
the radiation curable resin 13a is drawn to the outer peripheral portion. At this time, as described in the process shown 
in Figure 7C, laser light may be applied to the radiation curable resin 1 3a on an outer peripheral side of the clamp area 
35 C in a circular shape. 

[01 1 3] Thereafter, as shown in Figure 8C, the first substrate 1 1 and the second substrate 1 2 are stacked so that they 
are disposed concentrically and brought into contact with each other. In this manner, the above-mentioned Process 
(a) can be conducted. An appropriate pressure is applied uniformly during stacking, the distribution of the radiation 
curable resin 13a can be rendered further uniform. At this time, it is required to take care so that air bubbles do not 
enter between the first and second substrates 11 and 12. In order to prevent air bubbles from entering therebetween, 
as shown in Figure 9, it is preferable to conduct the process of bringing the substrates into contact with each other in 
a vacuum chamber 90 (i.e., in a vacuum atmosphere). 

[01 1 4] Table 3 shows a relationship between the viscosity of the radiation curable resin 1 3a and the in-plane variation 
of the radiation-cured resin 13 in the above-mentioned second method. 

45 

Table 3 



50 



Viscosity 
(mPa • s) 


20000 


15000 


5000 


3000 


1500 


1000 


600 


300 


150 


50 


10 


5 


In-plane 
variation (um) 


7 


5.4 


3.2 


2.8 


2.6 


2.5 


2.4 


2.4 


2.5 


2.7 


3.5 


6.2 



[01 15] As is apparent from Table 3, by prescribing the viscosity of the radiation curable resin 13a in a range of 1 0 to 
15000 mPan>, the variation in film thickness of the radiation-cured resin 13 can be set at 6 um or less (±3 um or less). 
5 5 [0116] Furthermore, Table 4 shows a relationship between the viscosity of the radiation curable resin 1 3a and the 
cycle time in the above-mentioned first method. 
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Table 4 



5 



Viscosity 
(mPa • s) 


20000 


15000 


5000 


3000 


1500 


1000 


600 


300 


150 


50 


10 


5 


Cycle time (Sec.) 


100 


80 


35 


25 


15 


10 


4 


1.5 


0.5 


0.3 


0.3 


0.2 



[0117] As is apparent from Table 4, in order to shorten the cycle time, it is preferable to set the viscosity of the 
radiation curable resin 13a in a range of 10 to 1000 mPa*s. 
w [0118] As described above, according to the method for producing an optical disk of Embodiment 2, an optical disk 
described in Embodiment 1 can be produced easily. 

[01 19] According to the production method of Embodiment 2, the first substrates 21 , 31 , 41 , 51 , or 56 described in 
Embodiment 1 may be used in place of the first substrate 11 . By using these substrates, an inner peripheral side of a 
circular convex portion or concave portion can be prevented from being coated with the radiation curable resin 13a. 
is In this case, the process of irradiation in a circular shape is not required, so that production becomes easy. Furthermore, 
by prescribing the outer diameter L1 of the convex portion to be equal to the diameter dB of the second substrate 12, 
eccentricity can be prevented from occurring in the course of attachment of the first substrate to the second substrate. 

Embodiment 3 

20 

[01 20] In Embodiment 3, the present invention will be described by way of another example of a method for producing 
an optical disk. Regarding the components described in the above-mentioned embodiments, the repeated description 
may be omitted here. 

[0121] Figures 1 0A to 1 0C show the processes of a production method of Embodiment 3. According to the production 
25 method of Embodiment 3, as shown in Figure 1 0A, first, the first substrate 1 1 having the signal area SA on the principal 
plane 1 1 a and the central hole A and a second substrate 1 02 that is transparent and thinner than the first substrate 1 1 
are brought into contact with each other with the radiation curable resin 13a interposed therebetween so that the 
principal plane 11a faces inside (Process (A)). The first substrate 11 is the same as that described in Embodiment 1 . 
The second substrate 1 02 is different from the second substrate 1 2 described in Embodiment 1 , only in that the second 
30 substrate 102 does not have a central hole, and an incision 102a in a dotted line shape is formed at a portion where 
the central hole B will be formed in the following process. The second substrate 1 02 may have both an incision and a 
central hole. In this case, it is preferable that the second substrate 102 has a central hole with the same size as that 
of the central hole A. When the second substrate 102 has a central hole with the same size as that of the central hole 
A of the first substrate 11 , eccentricity in the course of attachment of the substrates can be prevented easily. 
35 [0122] Figure 11 is a plan view of the second substrate 102. The second substrate 102 includes the incision 102a 
at an outer peripheral portion (that corresponds to the Inner peripheral edge 12s of the second substrate 12) of a 
position where the central hole B will be formed in the following process. 

[01 23] In Process (A), the radiation curable resin 1 3a is disposed at least from the portion of the incision 1 02a (outer 
peripheral portion of a position where the central hole B will be formed) to the outer peripheral edge 1 02t of the second 
40 substrate 102. 

[0124] Thereafter, as shown in Figure 10B, the radiation curable resin 13a is irradiated with radiation for curing to 
obtain radiation-cured resin 13, whereby the first substrate 11 is attached to the second substrate 120 (Process (B)). 
This process is the same as that in Figure 6B described in Embodiment 2, and two methods (see Figures 7A-7D and 
8A-8C) described in Embodiment 2 can be used. 
45 [0125] Then, as shown in Figure 10C, a part 102b of the second substrate 102 is removed to form the second 
substrate 102 having the central hole B with a diameter larger than that of the central hole A. At this time, because of 
the incision 1 02a, the central hole B can be formed easily. The second substrate 12 is the same as that described in 
Embodiment 1 . 

[0126] Thus, the optical disk described in Embodiment 1 can be produced easily. According to the production method 
so of Embodiment 3, an easy-to-handle optical disk that is recordable at high density can be produced easily. 

[01 27] It is appreciated that the first substrate 41 described in Embodiment 1 may be used in place of the first substrate 
11. 

Embodiment 4 

55 

[0128] In Embodiment 4, the present invention will be described by way of still another example of a method for 
producing an optical disk. Figure 12 shows a cross-sectionaJ view showing the processes of a production method of 
Embodiment 4. 



10 

«SOCOD: <EP 1 1 52407A2_I_> 



EP1 152 407 A2 



10 



15 



[0129] As shown in Figure 12A, first, the first substrate 11 and the second substrate 12 are opposed to each other 
with uncured radiation curable resin 1 21 interposed therebetween so that the center of the first substrate 1 1 is aligned 
with that of the second substrate 12 (Process (i)). At this time, the first substrate 11 and the second substrate 12 are 
opposed to each other so that the principal plane 11a on which the signal area SA is formed faces inside. Process (i) 
will be described later in more detail. As the radiation curable resin 121 , the resin similar to the radiation curable resin 
13a can be used. As described in Embodiment 1 , the first substrate 11 and the second substrate 12 have the central 
hole A with the diameter dA and the central hole B with the diameter dB, where dA< dB. The thickness of the second 
substrate 12 is in a range of 0.03 mm to 0.3 mm. 

[0130] Next, as shown in Figure 12B, the radiation curable resin 121 is irradiated with radiation 122 such as an 
electron beam and UV-rays, whereby the radiation curable resin 121 is cured (Process (ii)). Thus, an optical disk can 
be produced. 

[0131] Figure 12B shows the case where the radiation 122 is applied through the second substrate 12. However, an 
irradiation direction of the radiation 122 is selected depending upon the structure of an optical disk. More specifically 
the irradiation direction of the radiation 122 is selected so that the radiation 122 easily reaches the radiation curable 
resin 121 . For example, in the case where the signal recording layer 14 is formed only on the second substrate 12 
side, the radiation 1 22 is applied through the first substrate 1 1 . Furthermore, in the case of an optical disk with a double- 
layered structure in which the signal recording layer 1 4 is formed on both the first substrate 1 1 and the second substrate 
12, the radiation 122 is applied through the second substrate 12. 

[0132] Next, a method for conducting Process (i) by using a pin that fits in the central hole A and the central hole B 
will be described with reference to Figures 13A to 13E. According to this method, a pin 131 with a first pin 131a that 
fits in the central hole A and a second pin 131 b that fits in the central hole B is used. The second pin 131b has a 
cylindrical shape. The outer diameter of the first pin 1 31 a substantially is equal to the inner diameter of the second pin 
131b. The first pin 1 31 a is inserted into the second pin 1 31 b so that they are disposed concentrically. The outer diameter 
of the first pin 131a substantially is equal to dA, and the outer diameter of the second pin 131b substantially is equal 
25 to dB. 

[0133] First, as shown in Figure 13A, the second substrate 1 2 is fixed on a table 1 32 in which the pin 131 is disposed 
in such a manner that the second pin 131b is inserted into the central hole B (Process (i-1)). The pin 131 is disposed 
at the center of the tabie 1 32 It is preferable that the second pin 1 3 1 b is disposed so that its upper surface is positioned 
higher than a principal plane 12a of the second substrate 12. Because of this, the second substrate 12 can be fixed 
securely. The table 132 is rotatable. Furthermore, the table 132 is provided with an exhaust port 132a for fixing the 
second substrate 12. Due to the exhaust through the exhaust port 132a, the second substrate 12 is fixed on the table 
132. The second substrate 12 may be fixed by using static electricity or adhesive material in place of the exhaust port 
132a. 

[01 34] Next, as shown in Figure 1 3B, the radiation curable resin 1 21 is poured onto the second substrate 1 2 (Process 
(i-2)). By rotating the table 132 while pouring resin through a dispenser 133, the radiation curable resin 121 can be 
disposed in a circular shape. Furthermore, by moving the dispenser 133 simultaneously with the rotation of the table 
132, the radiation curable resin 121 can be disposed in a spiral shape. 

[0135] Next, as shown in Figure 13C, the first substrate 11 is moved so that the first pin 131a is inserted into the 
central hole A, and the first substrate 11 and the second substrate 12 are opposed to each other with the radiation 
curable resin 121 interposed therebetween (Process (i-3)). In Figures 13A to 13E, although the signal recording layer 
1 4 is not shown (this also applies to the following drawings), the first substrate 1 1 is disposed so that the signal recording 
layer 14 faces inside. It is preferable that Process (i-3) is conducted after the second pin 131b is moved so that the 
upper surface of the second pin 131b is positioned below the upper surface of the second substrate 12. The second 
pin 131b can be moved at any time after Process (i-1) and before Process (i-3). Even when the movement of the 
second pin 131b causes the radiation curable resin 121 to penetrate the inside of the central hole B of the second 
substrate 12, the resin can be prevented from adhering to the second pin 131b. As a result, an optical disk can be 
produced with good productivity. 

[0136] In Process (i-3), the first pin 131a is aligned with the second pin 131b. Therefore, the first substrate 11 is 
disposed so that the center of the first substrate 1 1 is aligned with the center of the second substrate 1 2. Furthermore 
since the second substrate 12 is fixed on the flat table 132, the surface of the second substrate 12 is kept flat As a 
result, the radiation curable resin 121 comes into contact with the first substrate 11 uniformly, and air bubbles can be 
prevented from being mixed with the resin. Furthermore, the thickness of the radiation curable resin 121 can be ren- 
dered uniform. By rendering the thickness of the radiation curable resin 121 uniform, an optical disk can be produced, 
in which focus servo control and tracking servo control are conducted easily (i.e., in which recording/reproduction can 
55 be conducted stably). 

[01371 Next, as shown in Figure 13D, by rotating the first substrate 11 and the second substrate 12, the radiation 
curable resin 121 is drawn (Process (i-4)). Thus, Process (i) can be conducted. 

[0138] Finally, as shown in Figure 13E, the radiation curable resin 121 is cured with radiation 134. In this manner, 



30 



45 



SO 



11 



SDOCID:«eEP 



11S2407A2jl> 



EP1 152 407 A2 



an optical disk can be produced. In the case where radiation is applied through the second substrate 12, radiation 
should be applied through the table 1 32 that transmits radiation. Furthermore, light may be applied through the second 
substrate 12 by inverting the first substrate 11 and the second substrate 12 while they are opposed to each other. 
[0139] A pin in another shape may be used in place of the pin 131 . Figures 1 4A-1 4B, 15A-15B, and 16A-16B illustrate 
5 the case where various pins are used. A pin 141 shown in Figure 14A has a first pin 141a and a second pin 141b. The 
second pin 1 41 b is provided with a concave portion in which the first pin 1 41 a fits. In the case of using the pin 1 41 , as 
shown in Figure 14A, the second substrate 12 is fixed under the condition that the first pin 141a is covered with the 
second pin 141b. Furthermore, the first substrate 11 is fixed under the condition that the second pin 141b is removed, 
as shown in Figure 14B. 

10 [0140] A pin 151 shown in Figure 15A includes a first pin 151a and a second pin 151b integrated with each other. In 
the case of using the pin 151, as shown in Figure 15A, the second substrate 12 is fixed with the second pin 151b. 
Furthermore, the first substrate 11 is fixed under the condition that the second pin 151 b is lowered, as shown in Fiaure 
15B. y 
[0141] A pin 161 shown in Figure 16A includes a first pin 161a and a second pin 161b integrated with each other. 
Furthermore, a step difference 1 61 s is formed between the first pin 1 61 a and the second pint 1 61 b. The outer diameter 
dS of the step difference 161s is larger than dA and smaller than dB. In the case of using the pin 161 , as shown in 
Figure 16A, the second substrate 12 is fixed with the second pin 161b. Furthermore, the first substrate 11 is fixed under 
the condition that the second pin 161 b is lowered, as shown in Figure 16B. At this time, the interval between the first 
substrate 11 and the second substrate 12 can be controlled by the step difference 161s. In the pins 151 and 161 in 
which the first pin and the second pin are integrated with each other, the first pin can be rendered concentric with the 
second pin with good precision. 

[01 42] Figures 1 4A-1 4B to 1 6A-1 6B show the case where the outer diameters of the first pin and the second pin are 
constant. However, these outer diameters may not be constant. For example, a pin that is widened toward the table 
132 so as to fit in the central holes A and B may be used. Furthermore, in the pin 141 , the outer diameter of the first 
pin 141a and the concave portion of the second pin 141b may be tapered. 

Embodiment 5 
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[0143] In Embodiment 5, the present invention will be described by way of still another example of a method for 
producing an optical disk. Figure 17 is a cross-sectional view showing the processes of a production method of Em- 
bodiment 5. 

[01 44] Embodiment 5 is directed to a method for producing an optical disk having the first substrate 1 1 in which the 
central hole A with a diameter dA is formed and the second substrate 12 in which the central hole B with a diameter 
dB is formed. The first substrate 11 and the second substrate 12 are the same as those described in Embodiment 1 . 
35 [0145] First, at least one substrate selected from the first substrate 11 and the second substrate 12 is coated with 
radiation curable resin (Process (I)). For example, as shown in Figure 17A, the second substrate 12 is coated with 
radiation curable resin 171. In the following description, the case where the second substrate 12 is coated with the 
radiation curable resin 171 will be described. The radiation curable resin 171 can be coated as shown in Figure 18. 
More specifically, first, the second substrate 12 is fixed on a table 1 81 in which an exhaust port 1 81a is formed. There- 
to after, the radiation curable resin 1 71 is poured from a dispenser 1 82 while the table 1 81 is rotated, whereby the radiation 
curable resin 171 is disposed in a circular or spiral shape. Thereafter, by rotating the table 181 at a high speed, the 
second substrate 12 can be coated with the radiation curable resin 171 . Furthermore, the second substrate 12 may 
be coated with the radiation curable resin 1 71 by screen printing, using the apparatus shown in Figure 23. 
[0146] Next, as shown in Figure 17B, the first substrate 11 and the second substrate 12 are opposed to each other 
45 with the radiation curable resin 171 interposed therebetween in a vacuum atmosphere, so that the center of the first 
substrate 11 is aligned with the center of the second substrate 12 (Process (II)). Process (II) will be described later in 
more detail. 

[0147] Next, as shown in Figure 17C, the radiation curable resin 171 is irradiated with radiation 172 such as an 
electron beam and UV-rays to be cured (Process (III)). Thus, an optical disk can be produced. 
50 [0148] Hereinafter, the case where Process (II) is conducted using the pin similar to that in Embodiment 4 will be 
described. First, as shown in Figure 1 9A, the second substrate 1 2 is fixed on a table 1 91 in which the pin 1 31 is disposed 
so that the second pin 1 31 bis inserted into the central hole B (Process (11-1)). The pin 131 is the same as that described 
in Embodiment 4. 

[0149] The table 1 91 includes a fixing member 1 92 for fixing the substrate. As the fixing member 192, for example, 
an apparatus for fixing a substrate with static electricity or an adhesive sheet can be used. The pin 1 31 is disposed at 
the center of the table 1 32. It is preferable that the second pin 131 b is disposed so that its upper surface is positioned 
higher than the upper surface of the second substrate 1 2. Because of this, the second substrate 1 2 can be fixed securely. 
[0150] Next, as shown in Figure 19B, the first substrate 1 1 is moved so that the first pin 131a is inserted into the first 
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central hole A in a vacuum atmosphere, and the first substrate 11 and the second substrate 12 are opposed to each 
other with the radiation curable resin 171 interposed therebetween (Process (II-2)). More specifically, after the first 
substrate 1 1 and the second substrate 1 2 are disposed in a container 1 93, and the container 1 93 is exhausted through 
a vacuum pump, the first substrate 1 1 and the second substrate 12 should be stacked adjacent each other. By fixing 
the second substrate 1 2, the second substrate 1 2 can be prevented from moving during the exhaust step. Furthermore, 
when the first substrate 1 1 and the second substrate 1 2 are stacked adjacent each other, it is preferable th at the second 
pin 1 31b is moved so that the upper surface thereof is lowered below that of the second substrate 12. The second pin 
131b may be moved at any time after Process (11-1) and before Process (II-2). By moving the second pin 131b, even 
when the radiation curable resin 171 penetrates the inside of the central hole B of the second substrate 12, the resin 
can be prevented from adhering to the second pin 131b. As a result, an optical disk can be produced with good pro- 
ductivity. 

[0151] Next, as shown in Figure 19C, the radiation curable resin 171 is irradiated with radiation 194 such as an 
electron beam and UV-rays to be cured. Thus, an optical disk can be produced. According to the method shown in 
Figures 19A to 19C, two substrates are attached to each other in a vacuum atmosphere, so that air bubbles can be 
prevented from entering therebetween. Pin 141, 151, or 161 may be used in place of the pin 131. 
[0152] Next, an example of a method for conducting Process (II) without using a pin will be described. According to 
this method, the centers of the first and second substrates 11 and 12 are calculated based on the respective outer 
peripheries, and they are aligned with each other. For example, as shown in Figure 20, a center CA of the first substrate 
1 1 is obtained from at least three coordinates (PA1 , PA2, PA3) on an outer periphery of the first substrate 1 1 . Similarly, 
a center CB of the second substrate 12 is obtained from at least three coordinates (PB1, PB2, PB3) on an outer 
periphery of the second substrate 12. Then, the first substrate 11 or the second substrate 12 is moved so that the 
center CA is aligned with the center CB, whereby the first and second substrates 1 1 and 12 are attached to each other. 
The centers CA and CB may be obtained from three coordinates on an inner periphery of the central holes A and B. 
[0153] According to the method in Figure 20, more specifically, as shown in Figure 21 A, image processing of the 
first substrate 11 and the second substrate 12 is conducted by using two cameras 211 and 212, and the centers CA 
and CB are obtained. Then, as shown in Figure 21 B, the center CA is aligned with the center CB. Thus, Process (II) 
can be conducted. 



Embodiment 6 

[0154] In Embodiment 6, the present invention will be described by way of an example of an apparatus for producing 
an optical disk. Figure 22 is a schematic perspective view of a production apparatus 220 of Embodiment 6. In Figure 
22, driving members are not shown. 

[01 55] Referring to Figure 22, the production apparatus 220 includes transport amis 221 to 224, a table 225, a table 
227 at the center of which a pin 226 is disposed, a resin curing portion 228, and a nozzle 229. The transport arms 221 
to 224 and the nozzle 229 respectively are rotated and raised by driving members. Furthermore, the tables 225 and 
227 are rotated and moved by driving members. The pin 226 can be moved upwards/downwards by driving members. 
The driving member can be formed by combining at least one selected from a motor, an air cylinder, and a hydraulic 
cylinder. 

[0156] In the production apparatus 220, the second substrate 232 is transported from a substrate holder 230 to the 
table 227 by the transport arm 221 . At this time, the second substrate 232 is disposed so that the pin 226 is inserted 
into the central hole B. The table 227 fixes the second substrate 232 by vacuum, static electricity, or an adhesive 
member. 

[01 57] Radiation curable resin is poured from the nozzle 229 to the second substrate 232 disposed on the table 227. 
The nozzle 229 functions to coat the second substrate 232 with the radiation curable resin. By rotating the table 227 
while the resin is poured, the radiation curable resin can be disposed in a circular or spiral shape on the second 
substrate 232. Figure 23 is an enlarged view of the table 227. The table 227 is rotated by a driving member 237. The 
driving member 237 is moved by a driving member 238. 

[01 58] After the resin is poured, the table 227 on which the second substrate 232 is disposed is moved to a stacking 
portion 233 together with the pin 226 by a driving member. In the stacking member 233, the first substrate 231 is 
transported onto the second substrate 232 by the transport arm 222. The first substrate 231 is disposed so that the 
pin 226 is inserted into the central hole A. Thus, the pin 226 functions to dispose the first substrate 231 and the second 
substrate 232 so that the center of the first substrate 231 is aligned with that of the second substrate 232. As the pin 
226, the pins 131, 141, 151, and 161 described in Embodiment 4 can be used. 

[01 59] Thereafter, by rotating the table 227, the first substrate 231 and the second substrate 232 are rotated, whereby 
the radiation curable resin is drawn. In this manner, the first substrate 231 and the second substrate 232 are stacked 
with the resin interposed therebetween. The transport ami 223 moves a stacked substrate 234 to the table 225. Trie 
substrate 234 disposed on the table 225 is moved to the resin curing portion 228. The resin curing portion 228 is used 
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for curing the radiation curable resin. The resin curing portion 228 includes an irradiation member for applying radiation 
such as an electron beam and UV-rays. More specifically, the resin curing portion 228 includes an electron beam 
source, a metal haiide lamp, a mercury lamp, or a rare gas lamp such as a xenon lamp. By irradiating the radiation 
curable resin with an electron beam or UV-rays in the resin curing part 228, the radiation curable resin is cured, and 
the first substrate 231 and the second substrate 232 are attached to each other. Thus, an optical disk 235 is formed. 
The optical disk 235 thus formed can be transported to a substrate holder 236 by the transport arm 224. 
[0160] In the production apparatus 220, the first substrate 231 may be exchanged with the second substrate 232. 
In the production apparatus 220, the case has been described in which a coating member for coating at least one 
substrate selected from the first substrate 231 and the second substrate 232 with radiation curable resin includes the 
nozzle 229. However, the coating member may be an apparatus as shown in Figure 24. 

[0161] The apparatus shown in Figure 24 includes a driving member 241 , a spatula 242, and a screen 243. The 
screen 243 is provided with a pattern for coating of resin. On the screen 243, radiation curable resin 244 (hatched 
portion) is disposed. In this apparatus, the screen 243 is disposed on the second substrate 232, and thereafter, the 
spatula 242 is moved by the driving member 241 , whereby the second substrate 232 is coated with resin. In the case 
where the second substrate 232 disposed on the table 227 is coated with resin, the second substrate 232 is fixed 
before being coated with the resin, and the pin 226 is moved from a coating surface. In the case of using the coating 
apparatus shown in Figure 24, it is preferable that the resin curing portion 228 includes a pressure-reducible container, 
and the first substrate 231 and the second substrate 232 are stacked in the container. The pressure- reducible container 
may be disposed before the resin curing portion 228 on production lines. 

[01 62] Furthermore, Figure 22 shows the apparatus in which the disposing member for disposing the first substrate 
231 and the second substrate 232 in a concentric manner includes the pin 226. However, in the production apparatus 
of the present invention, two substrates may be disposed by image processing, as described with reference to Figures 
21 A and 21 B. In this case, the production apparatus includes a camera, a processing apparatus for calculation process- 
ing of an image captured by the camera, and a movement apparatus for moving a substrate. 

[01 63] By using the production apparatus of Embodiment 6, the production method described in Embodiments 4 and 
5 can be conducted easily. 



Claims 

30 

1. An optical disk comprising a first substrate having a signal area on a principal plane and a central hole A and a 
second substrate that is transparent and attached to the first substrate, 

wherein the second substrate is thinner than the first substrate and has a central hole B whose diameter is 
35 larger than that of the central hole A, and 

the first substrate and the second substrate are attached to each other with an adhesive member disposed 
therebetween so as to extend at least from an inner peripheral edge of the second substrate to an outer 
peripheral edge thereof. 

40 2. An optical disk according to claim 1 , wherein the adhesive member is radiation curable resin. 

3. An optical disk according to claim 1 or 2, wherein a thickness of the second substrate is in a range of 0.03 mm to 
0.3 mm. 

45 4. An optical disk according to any one of claims 1 to 3, wherein the central hole B is larger than a damp area of the 
optical disk. 

5. An optical disk according to any one of claims 1 to 3, wherein the adhesive member is disposed on an outer 
peripheral side of a clamp area or disposed so as to cover the entire clamp area. 

so 

6. An optical disk according to any one of claims 1 to 3, wherein a thickness of a clamp area of the first substrate is 
in a range of 1 .1 mm to 1 .3 mm. 

7. An optical disk according to any one of claims 1 to 3, wherein the first substrate includes, on the principal plane, 
55 at least one selected from the group consisting of a convex portion formed in a circular shape so as to surround 

the central hole A and having an outer diameter equal to or smaller than a diameter of the central hole B, and a 
concave portion formed in a circular shape so as to surround the central hole A and having a diameter equal to or 
smaller than the diameter of the central hole B. 
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8. An optical disk according to claim 7, wherein a height of the convex portion is larger than a sum of a thickness of 
the second substrate and a thickness of the adhesive member. 

9. An optical disk according to any one of claims 1 to 3, wherein an average thickness of the adhesive member is in 
a range of 0.5 |im to 30 u/n. 

10. An optical disk according to any one of claims 1 to 3, wherein the optical disk is adapted for reproduction of infor- 
mation by application of a laser having a wavelength of 450 nm or less. 

1 1 . A method for producing an optical disk including a first substrate having a central hole A and a second substrate 
that is transparent and has a central hole B whose diameter is larger than that of the central hole A, comprising 
the processes of: 

(a) bringing the first substrate having a signal area on a principal plane and the second substrate that is thinner 
than the first substrate into contact with each other with radiation curable resin interposed therebetween so 
that the principal plane faces inside; and 

(b) irradiating the radiation curable resin with radiation to cure the radiation curable resin, thereby attaching 
the first substrate to the second substrate, 

wherein, in the process (a), the radiation curable resin is disposed so as to extend at least from an inner 
peripheral edge of the second substrate to an outer peripheral edge thereof. 

12. A method for producing an optical disk according to claim 11 , wherein a thickness of the second substrate is in a 
range of 0.03 mm to 0.3 mm. 

13. A method for producing an optical disk according to claim 11 or 12, wherein the process (a) includes interposing 
the radiation curable resin between the first and second substrates, and rotating the first and second substrates 
to draw the radiation curable resin. 

14. A method for producing an optical disk according to claim 11 or 12, wherein the process (a) includes pouring the 
radiation curable resin onto the first substrate, rotating the first substrate to coat the first substrate with the radiation 
curable resin, and bringing the first substrate and the second substrate into contact with each other with the radi- 
ation curable resin interposed therebetween. 

15. A method for producing an optical disk according to claim 14, wherein, in the process (a), the first substrate and 
the second substrate are brought into contact with each other in a vacuum atmosphere. 

16. A method for producing an optical disk according to any one of claims 1 1 to 1 5, wherein the first substrate includes, 
on the principal plane, at least one selected from the group consisting of a convex portion formed in a circular 
shape so as to surround the central hole A and having an outer diameter equal to or smaller than a diameter of 
the central hole B, and a concave portion formed in a circular shape so as to surround the central hole A and 
having a diameter equal to or smaller than that of the central hole B. 

17. A method for producing an optical disk according to claim 16, wherein a height of the convex portion is larger than 
a sum of a thickness of the second substrate and a thickness of the radiation curable resin. 

18. A method for producing an optical disk, comprising the processes of: 

(A) bringing a first substrate having a signal area on a principal plane and a central hole A and a second 
substrate that is transparent and thinner than the first substrate into contact with each other with radiation 
curable resin interposed therebetween so that the principal plane faces inside; 

(B) irradiating the radiation curable resin with radiation to cure the radiation curable resin, thereby attaching 
the first substrate to the second substrate; and 

(C) removing a part of the second substrate to form a central hole B whose diameter is larger than that of the 
central hole A in the second substrate, 

wherein, in the process (A), the radiation curable resin is disposed so as to extend at least from an outer 
periphery of a position where the central hole B is formed to an outer peripheral edge of the second substrate. 
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19. A method for producing an optical disk according to claim 18, wherein a thickness of the second substrate is in a 
range of 0.03 mm to 0.3 mm. 

20. A method for producing an optical disk according to claim 18 or 19 : wherein the process (A) includes interposing 
s the radiation curable resin between the first and second substrates, and rotating the first and second substrates 

to draw the radiation curable resin. 

21. A method for producing an optical disk according to claim 18 or 19, wherein the process (A) includes pouring the 
radiation curable resin onto the first substrate, rotating the first substrate to coat the first substrate with the radiation 

10 curable resin, and bringing the first substrate and the second substrate into contact with each other with the radi- 

ation curable resin interposed therebetween. 

22. A method for producing an optical disk according to claim 21 , wherein, in the process (A), the first substrate and 
the second substrate are brought into contact with each other in a vacuum atmosphere. 
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23. A method for producing an optical disk, comprising the processes of: 



(i) opposing a first substrate in which a central hole A with a diameter dA is formed to a second substrate in 
which a central hole B with a diameter dB is formed with radiation curable resin interposed therebetween so 

20 that a center of the first substrate is aligned with a center of the second substrate; and 

(ii) irradiating the radiation curable resin with radiation to cure the radiation curable resin, 

wherein dA < dB, and a thickness of the second substrate is in a range of 0.03 mm to 0.3 mm. 

25 24. A method for producing an optical disk according to claim 23, wherein, in the process (i), the center of the first 
substrate is aligned with the center of the second substrate by using a pin that fits in the first and second central 
holes A and B. 



25. A method for producing an optical disk according to claim 24, wherein the process (i) comprises the processes of: 



(i-1) fixing the second substrate on a table in which the pin is disposed so that the pin is inserted into the 
central hole B; 

(i-2) pouring the radiation curable resin onto the second substrate; 

(i-3) moving the first substrate so that the pin is inserted into the central hole A, thereby opposing the first 
35 substrate to the second substrate with the radiation curable resin interposed therebetween; and 

(i-4) rotating the first and second substrates to draw the radiation curable resin. 

26. A method for producing an optical disk according to claim 25, wherein the pin includes a first pin that fits in the 
central hole A and a second pin that fits in the central hole B, 

40 

in the process (i-1), the second substrate is fixed with the second pin, and 
in the process (i-3), the first substrate is fixed with the first pin. 

27. A method for producing an optical disk according to claim 26, comprising, after the process (i-1) and before the 
^5 process (i-2), lowering an upper surface of the second pin below an upper surface of the second substrate. 

28. A method for producing an optical disk according to claim 26, wherein the second pin has a cylindrical shape, and 
the first pin is inserted into the second pin. 

so 29. A method for producing an optical disk including a first substrate in which a central hole A with a diameter dA is 
formed and a second substrate in which a central hole B with a diameter dB is formed, comprising the processes of: 

(I) coating at least one substrate selected from the group consisting of the first substrate and the second 
substrate with radiation curable resin; 
55 (||) opposing the first substrate to the second substrate with the radiation curable resin interposed therebetween 

in a vacuum atmosphere so that a center of the first substrate is aligned with a center of the second substrate; 
and 

(III) irradiating the radiation curable resin with radiation to cure the radiation curable resin, 
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wherein dA < dB, and a thickness of the second substrate is in a range of 0.03 mm to 0.3 mm. 

30. A method for producing an optical disk according to claim 29, wherein, in the process (II), the center of the first 
substrate is aligned with the center of the second substrate by using a pin that fits in the first and second central 
holes A and B. 

31. A method for producing an optical disk according to claim 30, wherein the process (II) includes the processes of: 

(11-1) fixing the second substrate on a table in which the pin is disposed so that the pin is inserted into the 
central hole B; and 

(II-2) in a vacuum atmosphere, moving the first substrate so that the pin is inserted into the central hole A, 
thereby opposing the first substrate to the second substrate with the radiation curable resin interposed ther- 
ebetween. 

32. A method for producing an optical disk according to claim 31 , wherein the pin includes a first pin that fits in the 
central hole A and a second pin that fits in the central hole B, 

in the process (11-1), the second substrate is fixed with the second pin, and 
in the process (II-2), the first substrate is fixed with the first pin. 

33. A method for producing an optical disk according to claim 32, further comprising, after the process (il-1 ) and before 
the process (II-2), lowering an upper surface of the second pin below an upper surface of the second substrate. 

34. A method for producing an optical disk according to claim 32, wherein the second pin has a cylindrical shape, and 
the first pin is inserted into the second pin. 

35. An apparatus for producing an optical disk including a first substrate in which a central hole A is formed and a 
second substrate in which a central hole B is formed, comprising: 

a coating member for coating at least one substrate selected from the group consisting of the first substrate 
and the second substrate with radiation curable resin; 

a disposing member for disposing the first substrate and the second substrate so that a center of the first 

substrate is aligned with a center of the second substrate; and 

an irradiating member for irradiating the radiation curable resin with radiation. 

36. An apparatus for producing an optical disk according to claim 35, wherein the disposing member includes a pin 
that fits in the first and second central holes A and B. 

37. An apparatus for producing an optical disk according to claim 36, wherein the pin includes a first pin that fits in the 
central hole A and a second pin that fits in the central hole B. 

38. An apparatus for producing an optical disk according to claim 37, wherein the second pin has a cylindrical shape, 
and the first pin is inserted into the second pin. 

39. An apparatus for producing an optical disk according to any one of claims 35 to 38, wherein the disposing member 
includes a table for fixing the at least one substrate. 

40. An apparatus for producing an optical disk according to claim 39, wherein the disposing member further includes 
a container surrounding the table and an exhaust member for exhausting the container. 
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